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ABSTRACT 

For the purpose of evaluating the resistance of doped fabrics to the 
thermal radiation of atomic explosions, the critical thermal energies of 
several doped fabric assemblies submitted by the Wright Air Development 
Center, Department of the Air Force, were determined by exposing the 
materials to the Laboratory carbon-arc source of thermal radiation and 
examining the consequent damage. 

fc UO     w«fet WA4    CLL U source lumiawse a maximum irracaance or o> cai/cm£/ 
sec in the central area of the specimens if no absorbing screens were 
employed.    However,    However, for a better approximation o± the Labora- 
tory exposure time to that obtained in the field, absorbing screens were 
employed,  giving effective exposure times between U.3 and 0.6 seconds. 
The methods of exposure and evaluation of the effective damage are 
indicated.    It was found that the assemblies suffered complete destruc- 
tion at radiant exposures ranging from U«? to 213 cal/cm^, depending on 
the assembly exposed.    Assemblies employing metal foils had consider- 
ably higher critical energies of destruction (55 to 213 cal/cm?) than 
the other experimental assemblies investigated,  (k»? to 20 cal/cm2). 
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Refi      (a) COMNIKNAVSHIPYD ltr C-399/L5, ier C-960-92 of 1U Mar 1950 
(b) BUSHIPS restr apdltr S99-(o)(3i;8) 4er 31*8-75 of 6 Apr 1950 

Ends    (1) Critical Thermal Energies of Doped Fabrics 

AUTHORITY 

1. This investigation is part of the program proposed by reference (a) 
and formally authorised by reference (b).   The general Thermal Radia- 
tion Program is under the supervision of the Armed Forces Special Weapons 
Project. 

INTRODUCTION 

2. As part of its general program on the effects of the thermal radia- 
tion of atomic explosions on materials, the Naval Material Laboratory is 
evaluating the characteristics, under exposure to thermal radiation, of 
the various materials of particular interest to the several agencies of 
the Department of Defense.    As data become available, these findings are 
published*    In this report, the critical thermal energies of doped 
fabrics,  submitted by the Wright Air Development Center, Department of 
the Air Force, are indicated. 

EQUIPMENT AND METBDDS OF EXPOSURE 

3*   The critical thermal energies of the doped fabrics mere determined, 
employing the Material Laboratory carbon-arc source of thermal radiation 
(Bibliography 1,2,3,U)»    The source consists of an 11-mm carbon arc, 
mounted at the focus of a mirror which collimates the emitted energy. 
A second mirror, which is mounted coaxially at a distance of 12 feet from 
the colllmator, condenses the radiation to the mirror's focus.    Gradations 
of thermal damage are obtained by varying the effective exposure time by 
accelerating a sample. 1x8 inches in surface dimensions, moving trans- 
versely through the focus.    Except for the last two of the specimens, the 
exposure of the materials was made by fastening them to glass melamine 
blocks provided with cut-outs in the central area to furnish an air back- 
grouD \»    In order to reduce propagation of flame during exposure and in 
order to secure the specimens to the glass melamine block serving as a 
base, a glass silicone mask with several stops was used over the fabrics. 

RESULTS 

U. The critical thermal energies of the doped fabrics, submitted by the 
Wright Air Development Center, were defined as those which produce 
certain characteristic, reproducible effects on the materials, such as 
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destruction, blistering or ignition*    These exposures were obtained with 
a carbon-arc source which furnished a maximum irradiance of 85 cal/cro?/ 
sec in the central area of the specimens, if no absorbing screens were 
enplcyed.    However,  for a better approximation of the laboratory expo- 
sure time to that obtained in the field, absorbing screens were employed, 
giving effective exposure tjvies of 300 to 600 milliseconds.    The critical 
energies are given on enclosure (l). 

5»    It may be noted that the laboratory exposures have been produced 
under highly controlled conditions and, as a rule, give results which 
can be reproduced very well.    However, for several reasons, one must use 
the data of enclosure (l) with caution.    The effects to be observed on 
material samples frequently remain unchanged over a considerable range 
of exposures.    Since the surface effects are not gradated sufficiently 
for refined evaluations, only the initial stages have been recorded. 
The effects on material surfaces are influenced by such factors as mount- 
ing, uniformity of material, atmospheric conditions and moisture content. 
Differences in density, absorption coeffio^ent, chemical composition and 
particle size are responsible for the variations in effects which may be 
observed from area to area on the same material.    Liquids and gases fom 
during exposure to thermal radiation, even in a period of less than one 
second, thereby affecting the amount of thermal radiation incident on 
and absorbed by the surface. 

SCMMAHT 

6.    The results of this investigation indicate that upon irradiation by 
the Material Laboratory carbon-arc source of thermal radiation for ex- 
posure times of 300-600 milliseconds, the doped fabric assemblies, 
submitted by the Wright Air Development Center,  suffered destruction at 
radiant exposures ranging from b.9 to 1U6 cal/ca2, depending upon the 
assembly exposed; the metallic, vinyl coated specimen was destroyed at 
213 cal/ca?.    However, there was a marked difference between the fabric 
assemblies with and without metal foils.    Assemblies without metal foils 
were destroyed at exposures ranging from U.9 to 20 cal/cm?, but doped 
fabrics with metal foils suffered destruction at radiant exposures as 
high as 55 to 11*6 cal/cm2, depending on the specific assembly employed. 
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Critical Thermal Energies 
of Experimental Dope    Systems 

Sibmitted by 
The Wright Air Development Center 

(Exposures of 30U to 600 Milliseconds) 

"HoC 
Designation 

B 

Materials and 
Treatment  

2 Spray coats MH-D- 
5552 Dope (Aluminum 
pigment 6 os/gal) on 
Standard Doped Fabric 
Finish, consisting of 
2 brush coats and 2 
spray coats KIL-D- 
5553 Cellulose 
Nitrate Dope 

Description of Effect 
Destruction by propa- 
gating flame and 
afterglow 

1 Spray coat (1 mil) 
Silicons coating on 
Standard Doped Fabric 
Finish (as in «A") 

2 Spray coats (1 1/2 
mil) vinyl coating on 
Standard Doped Fabric 
Finish 

1 Spray coat (1 mil; 
MIL-V-6893 varnish on 
Standard Doped Fabric 
Finish 

Paint carbonized by 
slowly propagating 
flame, leaving tum- 
e scent but flimsy ash, 
fabric chars through, 
but not completely 
destroyed 
Destruction of fabric 
by afterglow rgiow 

Dlistei Surface blisters 
Surface coat destroyed 
by slowly propagating 
flame, fabric chars 
through, but not com* 
pletely destroyed 
Destruction of fabrioj 

Aluminum foil (0.0015"; 
on 1 Sprsy coat MIL-C- 
U003 (1 mil) on Stan- 
dard Doped Fabric 
Finish 

by aftergloi 
Flames spori les sporadically, 
foil melts sporadi- 
cally, fabric backing 
chars through 

C.E. 
cal/cm2 

U.9 

Dulling of Surface      " U.9-6.2 
Surface blisters, fab- 
ric chars through 11 
Destruction by propa- 
gating flame and 
afterglow                 13_ 

U.9 

12 
?;3-B.O 

9.1 

2L 

56-63 
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Critical Thermal Energies 
of Experimental Dope    Systems 

Submitted  By 
The Wright Air Development Center 

(Exposures of 300-to 600 Milliseconds) 

TED?  
Designation 

Q 

H 

V- 

Materials and 
Treatment  

Aluminum foil (0.0025"; 
on 1 Spray coat MIL-C- 
1*003 (l mil) on Stan- 
dard Doped Fabric 
Finish 

Description of Effect 
"Flames sporadically, 
foil melts sporadi- 
cally, fabric backing 
chars through 

Aluminum foil (U.0O25") 
on 1 Spray coat MIL-C- 
1*003 Cemant (l/U mil) 
on Standard Doped 
Fabric Finish 

Flames sporadically, 
foil melts sporadi- 
cally, fabric backing 
chars through 

? Spray coats MH-D- 
5552' Dope (Aluminum 
pigment 6*0 os/gal) on 
2 brush coats and 2 
spray coats MIL-B-55U9 
Cellulose Acetate 
Butynate Dot 

Dulling o£ surface 
Fabric chars 
Destruction of fabric 
by slowly propagating 
flame 

K- Aluminum foil (0.U01$*> 
on 1 spray coat MIL-C- 
1*003 cement (l mil) on 
CAB Doped Fabric 

Vinyl coating (as in 
C) on 1 dip coat and 
1 spray coat MH-P- 
6869 Zinc Chromate 
Primer on 0.016" ano- 
dized magnesium (CVAC#l) 

Flames sporadically, 
foil melts sporadi- 
cally, fabric backing 
chars through, dense 
smoke evolved 

1 Spray coat of white 
gloss enamel (Specif. 
MIL-fc-7729) over 
assembly of "A" 

Surface chars 
Flames during exposure 
Paint completely car- 
bonised, base metal 
exposed on slight 
scraping 
Metal completely de- 
stroyed by violent 
reaction, leaving 

>wdery ash powdery 
Paint 7c it forms soft 
blisters and chars 
Fabric chars through 
Destruction of fabric 
by slowly propagating 
flame 

~C7E^  
cal/cm? 

11*6 

56 

6.6 

18-20 

112 

31 

1*9 

m 
7.5 
16 

J2. 
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Critical thermal Energies 
of Experimental Dope    Systems 

Submitted By 
The Wright Air Development Center 

(Exposures of 300 to 600 Milliseconds) 

TEE Materials and 
Designation Treatment  

Alvanlnra (3 ail,painted) 
(None) over doped fabric, 
NML #1 mounted on U" metal 

shell (5 walls) 

Description of Effect 

D55mm (3 all, un- 
(Hone) painted) over doped 
NML §2. fabric, mounted on 

U" metal shells 
(5 malls) 

Charring and blister- 
ing of paint 
Paint destroyed 
Surface flames during 
exposure 
Charring and destruc- 
tion of fabric under 
metal foil 
Melting of metal foil 

C»E* 
can/cm* 

lu 
2U-27 

3k 

37-5U 
55-62 

Charring of fabric 
under metal foil U0-6U 
Destruction of fabric 
under metal foil 66-108 
Flame development 
during exposure 108 
•Sporadic melting of 
metal foil 9U-123 
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